Patients with frontal lobe lesions and control participants were assessed on 2 tests of semantic knowledge. In the triadic comparison task, participants were shown all possible triplets of 12 animal names and judged which 2 of each triplet were most alike. In the ordered similarity task, participants rank ordered animals in terms of their similarity to a target animal. For both tasks, semantic structure-derived from multidimensional scaling techniques-revealed similar representations in patients with frontal lobe lesions and control participants. Additional pathfinder analyses also produced networks that did not differ between groups. These patients exhibited intact semantic knowledge despite deficits on tests of free recall and verbal fluency that involved the same semantic category and exemplars. Thus, intact representation of semantic knowledge in frontal patients stands in contrast to their marked deficits in strategic retrieval of semantic knowledge.
Patients with frontal lobe lesions and control participants were assessed on 2 tests of semantic knowledge. In the triadic comparison task, participants were shown all possible triplets of 12 animal names and judged which 2 of each triplet were most alike. In the ordered similarity task, participants rank ordered animals in terms of their similarity to a target animal. For both tasks, semantic structure-derived from multidimensional scaling techniques-revealed similar representations in patients with frontal lobe lesions and control participants. Additional pathfinder analyses also produced networks that did not differ between groups. These patients exhibited intact semantic knowledge despite deficits on tests of free recall and verbal fluency that involved the same semantic category and exemplars. Thus, intact representation of semantic knowledge in frontal patients stands in contrast to their marked deficits in strategic retrieval of semantic knowledge.
What is the role of the frontal lobes in retrieving and representing semantic knowledge? Recent findings from functional imaging and neuropsychological studies have indicated that this brain region contributes to both the encoding and retrieval of semantic knowledge (Baldo & Shimamura, 1998; Demb et al., 1995; Gershberg & Shimamura, 1995; Nyberg Cabeza, & Tulving, 1996; Wiggs, Weisberg, & Martin, 1999 ). Yet, an alternative view, suggested by positron emission tomography (PET; , is that the prefrontal cortex is intricately involved in the representation of semantic knowledge, in particular in the coding of word associations. In the present study, we attempted to clarify the degree to which the frontal lobes contribute to the representation of semantic knowledge as opposed to the encoding and retrieval of such knowledge.
With regard to encoding, neuroimaging studies have shown that the left prefrontal cortex is particularly active when individuals are engaged in semantic processing. In a functional magnetic resonance imaging (fMRI) study (Gabrieli et al., 1996) , activation during semantic analysis (i.e., determining if a word was concrete or abstract) was compared with activation during perceptual analysis (i.e., determining if a word was presented in uppercase or lowercase letters). Compared with the perceptual task, the semantic task particularly activated the left inferior frontal gyrus (Brodmann Areas [BA] 45, 46, 47) . Similarly, Kapur et al. (1994) observed activation in the left inferior and dorsolateral prefrontal cortex (BA 45, BA 46, BA 47, and BA 10) in a PET study comparing semantic judgments (living or nonliving) with orthographic judgments (words containing the letter a or not). These findings suggest that the left prefrontal cortex is particularly involved in semantic rather than perceptual encoding.
Neuropsychological findings from patients with frontal lobe lesions also suggest that this brain region contributes to semantic encoding and organization during learning. For example, patients with frontal lobe lesions are less likely than control participants to cluster or organize information during the learning of categorized word lists (Gershberg & Shimamura, 1995) . Also, these patients are less likely to adopt organizational strategies during learning (Hirst & Volpe, 1988; Stuss et al., 1994) .
The importance of the frontal lobes in the retrieval of semantic memory has also been demonstrated. In the verbgeneration task, participants are presented with a noun and asked to retrieve a semantically related verb (e.g., drink in response to cup). Petersen, Fox, Posner, Mintun, and Raichle (1988) observed increased PET activation in the inferior prefrontal cortex (BA 47) during this task as compared with a noun-repetition task. Although Petersen et al. (1988; see also Posner et al., 1988) used these findings to argue for the role of the prefrontal cortex in mediating automatic semantic processes such as word associations, these activations may actually indicate the engagement of strategic retrieval processes (see Thompson-Schill et al., 1998) . Similarly, Wiggs et al. (1999) used a task in which participants were shown achromatic line drawings of objects and were asked to retrieve the color most commonly associated with that object (e.g., a fire engine and red). Compared with an object naming control condition, there was increased activation in the left dorsolateral frontal cortex (BA 9/46). In addition, Frith, Friston, Liddle, and Frackowiak (1991) observed left prefrontal lobe activation (BA 46) in a verbal fluency task in which individuals were asked to retrieve as many examples from a particular semantic category (e.g., animals) as possible. It should be noted that in all of these retrieval tasks, especially in the verb-generation and verbal fluency tasks, strategies for retrieval are necessary for effective performance.
Complementing these neuroimaging findings is the observation that patients with prefrontal lesions are impaired on tasks involving strategic retrieval from semantic knowledge. For instance, patients with frontal lobe lesions, particularly left hemisphere lesions, are impaired on tests of letter fluency in which individuals are asked to generate words when given initial letter cues (Benton, 1968; Milner, 1964) . In addition, patients with either left or right frontal lesions exhibit impairment on tests of category fluency in which they are asked to generate as many exemplars as possible from a given semantic category (e.g., animals; Baldo & Shimamura, 1998 ; see also Owen, Downes, Sahakian, Polkey, & Robbins, 1990) . Mangels, Gershberg, Shimamura, and Knight (1996) also found that patients with frontal lobe lesions are impaired in the retrieval of remote memory. In that study, recall of public events and famous faces was impaired, even for premorbid semantic knowledge that was presumably encoded before the onset of neurological injury.
Taken together, these studies suggest that the frontal lobes are involved in both the encoding and the retrieval of semantic memory. Indeed, Gershberg and Shimamura (1995) demonstrated, in the same group of patients, that both encoding and retrieval of semantic information can be disrupted following frontal lobe lesions. The study showed that patients with frontal lobe lesions exhibited deficient semantic organization (i.e., category clustering) during word-list learning as well as impaired free recall ability. Important to note, these patients benefited from strategy instruction at either study or test, suggesting that both encoding and retrieval processes are affected by frontal lobe damage, particularly in situations in which strategies are necessary for successful performance of the task.
Although the study of semantic encoding and retrieval in patients with frontal lobe lesions has focused primarily on the poor use of strategies on such tasks, the status of the representation of semantic knowledge in these patients has not been examined. It is possible that degraded semantic knowledge itself could account for either poor encoding or retrieval. To examine this possibility, we assessed patients with frontal lobe lesions on two tests of semantic knowledge-a triadic comparison task (see Chan, Butters, Salmon, & McGuire, 1993 ) and an ordered similarity task. In these tasks, individuals make judgments about the similarity of exemplars within a semantic category. For example, presented three animal names on each trial and asked participants to select the two animals that they thought were most similar. Multidimensional scaling measures were then used to assess the similarity judgments, thus deriving a representation of semantic space.
Similarity judgments, such as those used by , are useful in the analysis of frontal lobe dysfunction because they are based on recognition judgments, which place less demand on executive control (i.e., strategic retrieval) than tests involving self-generation of information, such as the verbal fluency test. Patients with frontal lobe lesions typically perform well on tests of recognition memory (Gershberg & Shimamura, 1995; Wheeler, Stuss, & Tulving, 1997) . Thus, the current tasks tests allow for the analysis of semantic representations in patients with frontal lobe lesions while minimizing the role of strategic retrieval. We compared performance on these tests of semantic knowledge with performance on tests of free recall and verbal fluency that involve the same semantic category. The latter tests assess semantic processes but also place high demands on executive control and strategic retrieval.
Experiment 1

Method Participants
Eleven patients (7 men and 4 women) with unilateral dorsolateral frontal lobe lesions were identified from a review of magnetic resonance (MR) or computed tomography (CT) scans. In 8 of these patients, lesions resulted from a single infarction of the precentral branch of the middle cerebral artery. In the other 3 patients, lesions were the result of surgical procedures for tumors, cysts, or arterialvenous malformations (AVM). All patients were tested at chronic stages, such that the average time of testing from the onset of neurological injury was 11 years. Seven of the patients had left hemisphere lesions, and 4 of the patients had right hemisphere lesions. The average lesion volume as estimated by a computerized reconstruction was 41 cc. The patients averaged 64.6 years of age and 14.4 years of education. All of the patients were screened by a neurologist for the presence of psychiatric disorders, dementia, substance abuse, and head trauma. Figure 1 shows the lesion sites of individual patients based on CT or MR reconstructions, and Table 1 shows data from standardized neuropsychological tests.
Ten control participants (7 men and 3 women) were also recruited for this study. The average age of the control participants was 65.6 years, and average length of education was 14.4 years. In addition to the screening factors applied to patients, control participants were screened for the presence of any history of psychiatric or neurological disorder.
All patient and control participants were recruited through and tested at the Veterans Affairs Northern California Healthcare System (VANCHS) in Martinez, California. Participants signed informed consent forms approved by the University of California, Berkeley, and were compensated for their time (both travel and testing) at a rate of $12 per hour. The study was approved by the committees for the protection of human subjects at both the VANCHS and the University of California, Berkeley. All participants had participated in studies at the VANCHS site before, had expressed interest in participating in future psychological research, and were motivated to complete the tasks presented to them.
Fourteen undergraduate participants (4 men and 10 women) were also recruited from the undergraduate population at the University of California, Berkeley. The average age for this group was 19.2 years. They signed informed consent forms and were paid at a rate of $8 per hour for their participation in this study.
Materials and Design
Twelve animal names were used as stimuli: bear, cat, cow, dog, elephant, giraffe, horse, lion, pig, rabbit, tiger, and zebra. These animal names were the same ones used by . Chan et al. chose these animals by determining the 12 most commonly generated names on fluency tasks in which participants are given 1 min to produce as many animals as possible. The stimuli were presented on a 15-inch (38 cm) color monitor using a Hypercard program that ran on a Macintosh Quandra 630 computer (Apple Computer, Inc., Cupertino, CA).
On each trial, three animal names were displayed on the computer monitor. Each name was framed by a rectangle that measured 1.5 ϫ 6.0 cm. The names were arranged in a triangular manner such that one name was centered near the top of the screen and the other two names were positioned below it. The name at the top was 5 cm from the base of the triangular arrangement, and the two lower names were 10 cm apart from each other. A total of 220 trials were presented, which consisted of all possible triad combinations of the 12 animal names. These trials were presented in a random order. On each trial, the position of each of the three animal names was also randomly determined.
Procedure
Practice trials. Participants were given three practice trials using fruit names as stimuli. On the first practice trial, the experimenter demonstrated how the mouse device could be used to point and click on a desired stimulus and how the stimulus would become highlighted when chosen. They were also shown how to change their choices (if needed) before confirming their final selection. After selecting two fruit names, participants were instructed to click on the button marked done to initiate the next trial.
Triadic comparison task. Before the start of the actual experimental trials, an instruction screen appeared and was read aloud to the participants: "On the next screen, you will be shown three animal names. Please click on the two animal names that you think go together." Participants were then told that they could use any criteria that they wanted to make their choice and that there were no right or wrong answers. On each trial, the reminder "Click on a box to select it. If you want to change your answer, click on the box again to unselect it" was presented at the top of the screen. Across the 220 trials, participants were given a 60-s rest break after every 22 trials.
Data Analysis
From the 220 trials, each participant's data were compiled into a 12 ϫ 12 (dis)similarity matrix. That is, for every pair of animals, a score was recorded that reflected the degree to which the two animals were judged similar to each other. To obtain this score, we assessed the number of times the same two animals appeared in a triad and were paired by the participant (i.e., they were judged to be similar). Each time two animals were paired, the score for that pair was decreased from a maximum (dissimilarity) score of 10. Thus, the lower the number, the more two animals were judged to be similar to each other; the higher the number, the more dissimilar the two animals. In this study, no distinction was made between differences in order of presentation or selection; for example, a tiger-lion pairing was equivalent to a lion-tiger pairing. Thus, all pairwise scores in a matrix were symmetrical.
Multidimensional Scaling (MDS). Individual matrices were analyzed using the INDSCAL multidimensional scaling analysis (SPSS for Macintosh, SPSS, Inc., Chicago, IL). This method assesses differences in the relative importance each individual places on each dimension (i.e., weight) of their underlying semantic space. Rather than averaging across participants, INDSCAL allows group data to be analyzed by taking into account individual weight differences when creating a group multidimensional map of the participants' semantic representations (Ashby, Maddox, & Lee, 1994) . In this case a two-dimensional semantic map was constructed because the reliability of higher dimensions is limited with the use of only 12 stimuli (Kruskal & Wish, 1978) .
Pathfinder analysis. The same matrices used in the MDS analysis were analyzed using a pathfinder analysis (Dearholt & Schvaneveldt, 1990) program KNOT (Interlink, Inc., Mesa, AZ) with the parameters of r ϭ ϱ and q ϭ N Ϫ 1. The pathfinder analysis generates a network of nodes and links in which the length of the link represents the strength of the association between two items. That is, the shorter the link (i.e., the closer the items), the stronger the association and vice versa. Pathfinder also overcomes the potential triangle inequality problem (Tversky, 1997) in MDS analyses by deleting all direct links for which there is a shorter (i.e., stronger) indirect link. Take, for example, the case where lion and bear are judged to be very similar, as are lion and cat, but bear and cat are not judged to be similar. In MDS, the direct distance between bear and cat would be shorter than the cumulative distance from bear to lion plus lion to cat because the law of triangle inequality cannot be violated (i.e., each side must be shorter than the sum of the other sides). In the case of pathfinder, the direct link between bear and cat (which is psychologically weak) would not be drawn because the indirect link between bear and cat by means of tiger is stronger.
Results and Discussion
As shown in Figure 2 , the patients and controls exhibited similar MDS-generated semantic representations. Four clusters can be identified in the control participants' plot: (a) cat, dog, and rabbit; (b) horse, cow, and pig; (c) tiger, lion, and bear; and (d) elephant, zebra, and giraffe. In terms of the two dimensions, Dimension 1 (x-axis) appears to be based on domesticity (domestic vs. wild animals) or size (larger vs. smaller animals). Dimension 2 (y-axis) could be representative of diet (herbivore vs. carnivore) or size. In the patients' plot, the same clusters were observed, with the exception of the location of pig, which was judged by the patients as more closely associated with the cat, dog, and rabbit (i.e., small, domestic) cluster. This may in part be due to the fact that 2 patients mentioned that they had kept small pigs as pets when they were young.
Two measures were used to assess the criteria driving the selections of each group. Analysis of the weights, or relative importance of each dimension of the map, did not differ significantly between patient and control participants, t(19) ϭ 0.42, p ϭ .68, for Dimension 1 weight (Ms ϭ .74 and .79, SDs ϭ .25 and .23, respectively), and t(19) ϭ Ϫ0.14, p ϭ .89, for Dimension 2 weight (Ms ϭ .27 and .26, SDs ϭ .18 and .20, respectively). Skewness, a measure of the participants' consistency in using the same criteria across trials, also did not differ across participant groups, t(19) ϭ Ϫ1.18, p ϭ .25 (Ms ϭ .45 and .33, SDs ϭ .20 and .27, respectively).
In terms of how accurately the generated semantic map conformed to data from the individual participants, both frontal patient and control groups exhibited good fits. Specifically, the fit of the solution to the data (S-Stress) was similar for both groups (patients M ϭ .23, SD ϭ .10; controls M ϭ .22, SD ϭ .07), t(19) ϭ Ϫ0.241, p ϭ .81. In terms of the amount of linear variance accounted for by the solution (i.e., R 2 ), there was no difference in this fit measure between the two groups (patients M ϭ 71%, SD ϭ .28; controls M ϭ 77%, SD ϭ .17), t(19) ϭ 0.582, p ϭ .56. Additionally, there were no significant differences on any of the five measures between patients with left and right frontal lobe lesions, psϾ .05.
For the pathfinder analyses, the network generated from the patients' data was compared with the network generated from the control participants' data. Similarity, or pathfinder closeness, scores were derived from the number of common links between the two networks, which was divided by the total number of links in both networks (minus the number of common links). Thus, the maximum similarity score is 1, and the minimum similarity score is 0.
The average pathfinder networks of the patients and the control participants produced a similarity score of .53, and the expected similarity score by chance (given the same number of links) was .01, p Ͻ .0001. Moreover, individual pathfinder networks from frontal patient and control groups were each compared with the average network of the 14 young participants. The average similarity of the control participants networks (M ϭ .39, SD ϭ .16) was not different from the average similarity of the frontal patients networks (M ϭ .38, SD ϭ .11), t(19) ϭ Ϫ0.6, p ϭ .95.
In summary, there were no significant differences in performance between patients with frontal lobe lesions and older control participants on measures of the representation of semantic knowledge. This was true in terms of relative saliency of dimensions, consistency of responses, and similarity of their networks. The intact nature of the patients' semantic representations can be contrasted with their impaired performance on semantic fluency tasks. In particular, for the same semantic category as the one used here (i.e., animals), the same patients exhibited significantly reduced verbal fluency compared with control participants on a two-tailed t test (patients M ϭ 15 words generated SD ϭ 2.60, controls M ϭ 22.80 words generated SD ϭ 6.00), t(17) ϭ 3.22, p ϭ .05.
Experiment 2
In Experiment 2, an ordered similarity task was used to further assess the nature of semantic representations in patients with frontal lobe lesions. In this experiment, participants were shown a key animal and asked to rank order all of the other animals with reference to their similarity to the key animal. A free recall test for the names of the animals was administered immediately following the ordered similarity task. Figure 1 . Lesion reconstructions based on computed tomography and magnetic resonance scans for the 11 patients with frontal lobe lesions. For patients with left hemisphere lesions, the horizontal cuts illustrate the extent of lesion from the most inferior cut to most superior cut; from superior to inferior for patients with right hemisphere lesions.
Method Participants
Seven patients (5 men and 2 women) with unilateral dorsolateral frontal lobe lesions participated in this experiment. These patients were the same ones who participated in Experiment 1, with the exception of patients A.L., W.R., and R.T., who had moved away and were unavailable for testing. Patient L.S. was also excluded as she was unable to complete testing. For 5 of these patients, lesions resulted from a single infarction of the precentral branch of the middle cerebral artery, one from an AVM and the other from a cyst removal. Again, patients were tested at chronic stages, with the average time of testing from that of the cerebral vascular accident being 10 years. Three of the patients had left hemisphere lesions, and 4 of the patients had right hemisphere lesions. The average lesion volume as estimated by a computerized reconstruction was 34.54 cc. The average age of patients was 64.1 years, and the average length of education was 14 years. As before, patients were screened for the presence of psychiatric disorders, dementia, substance abuse, or head injury.
Ten control participants (8 men and 2 women) were again recruited for this study. Two participants from Experiment 1 were unavailable for testing due to scheduling difficulties and were replaced with 2 new control participants. The average age for this group of control participants was 66.2 years, and the average length of education was 14.5 years. None of the control participants had any history of psychiatric or neurological disorder.
These participants were recruited through and tested at the VANCHS in Martinez, California. They signed informed consent forms approved by the University of California, Berkeley, and were compensated for their time at a rate of $12 per hour.
Twelve undergraduate participants (3 men and 9 women) were recruited from the undergraduate population at the University of California, Berkeley, to be included in this experiment, and another 12 (6 men and 6 women) were recruited from the same population to participate in a separate norming study. The average ages for these groups were 21.4 and 19.7 years, respectively. Participants signed informed consent forms and were paid at a rate of $8 per hour for their participation in this study.
Materials and Design
In the ordered similarity task, the same 12 animals from the triadic comparison task were used. Each animal name was printed onto an 8 ϫ 13 cm white index card in lowercase letters. One of the animal names (the key animal) was placed in the center of the Figure 2 . Semantic structure derived from multidimensional scaling of data from triadic comparison task (Experiment 1). Two-dimensional solutions were obtained for controls (top map) and patients with frontal lobe lesions (bottom map). desk, and the remaining 11 animal names were arranged in a semicircle around it in alphabetical order. Participants were asked to rank order the 11 cards in terms of similarity with the key animal.
Across the test session, each of the 12 animals served as the key animal only once. The order of presentation was randomized. The 11 responses to each key animal were recorded as to the order in which the animals were selected. Thus, we obtained a total of 12 sets of rankings in which each set contained the ordered similarity of 11 animals to a key animal.
Procedure
Ordered similarity task. With one of the key animal cards placed in the center of the desk and the remaining 11 cards placed around it, participants were asked to choose 1 card out of the 11 that best went with the key animal. The selected animal was then removed, and participants were asked to judge which of the remaining 10 animals was most similar to the key animal. This selection process continued until all of the animals had been chosen. Following this ranking procedure, a different key animal was placed in the center with the other 11 animal cards placed around it, and the procedure was repeated. This rank ordering procedure was repeated until each animal name had been used as the key animal once, for a total of 12 trials.
Free recall. Immediately following the ordered similarity task, participants were asked to recall as many of the animal names used in the ordered similarity task as possible.
Data Analysis
Analyses similar to those used in the triadic comparison task were used to evaluate the ordered similarity judgments. (Dis)similarity matrices were constructed using the judgments made by the participants, and INDSCAL and pathfinder analyses were applied to these data. In this case, for a given key animal, the animal judged as the most similar was given a similarity score of 1; the next animal judged as most similar was given a score of 2, and so on. Thus, the lower the number, the more similar the animals were judged to be. In contrast to the matrices obtained in Experiment 1, the ordered similarity matrices were not symmetrical. That is, the degree of similarity between two animals might be different depending on which one was the key animal. For example, if dog was the key animal, it might first elicit the choice of cat. However, if cat was the key animal, it might elicit tiger before dog. In this case, the relationship between cat and dog would be asymmetric.
For the recall test, both the number of animals recalled and degree of category clustering were measured. Recall performance was based on the number of distinct answers reported by each participant. Category clustering was based on the number of animals from the same category that were mentioned sequentially. The categories used were derived from those observed in the triadic comparison task: (a) cat, dog, and rabbit; (b) horse, cow, and pig; (c) tiger, lion, and bear; and (d) elephant, zebra, and giraffe. To factor out clustering that occurred due to chance, we used the adjusted ratio of clustering (ARC) as the measure of clustering (Roenker, Thompson, & Brown, 1971) .
Results and Discussion
The semantic maps obtained from the MDS analysis of the ordered similarity task data are shown in Figure 3 . As in Experiment 1, these maps were quite similar for patients with frontal lobe lesions and the controls. Indeed, the same clusters were observed in Experiment 2 as were observed in Experiment 1. In addition, analysis of the weights (Dimension 1, patients M ϭ .77, controls M ϭ .76; Dimension 2, patients M ϭ .48, controls M ϭ .45; SDs ϭ .16, .13, .21, and .13, respectively) and skewness (patients ϭ .34, controls ϭ .23) using two-tailed t tests were similar across participant groups ( ps Ͼ .05) as in Experiment 1. Both S-Stress and R 2 values were also similar across patients with frontal lobe lesions (S-Stress and R 2 , Ms ϭ .16 and .89, SDs ϭ .06 and .05, respectively) and their age-matched controls (S-Stress and R 2 , Ms ϭ .20 and .80, SDs ϭ .04 and .01, respectively), ps Ͼ .05. Numerically, the fits in Experiment 2 were better than those observed in Experiment 1, though not significantly so. As with Experiment 1, there were no significant differences on any of the five measures between patients with left and patients with right frontal lobe lesions ( ps Ͼ .05).
Pathfinder analyses yielded a similarity score between the patients' and control participants' networks of .62, a similarity score greater than what would be expected by chance (.01) given the same number of links, p Ͻ .00001. As was done in Experiment 1, individual pathfinder networks from frontal patient and control groups were each compared with the average network of 12 undergraduates from the University of California, Berkeley. Again, the individual networks of frontal patients (M ϭ .41, SD ϭ .07) and those of individual control participants (M ϭ .38, SD ϭ .10) were equally similar to the average network of the younger adults, t(15) ϭ Ϫ0.62, p ϭ .55.
In terms of free recall performance, patients with frontal lobe lesions recalled fewer words than did control participants. Specifically, patients recalled an average of 10.14 words (84%, SD ϭ 1.60) and controls recalled an average of 11.40 words (95%, SD ϭ .70), t(15) ϭ 2.25, p Ͻ .05 (two-tailed). Thus, even after extended exposure to the animal names during the ordered similarity task, patients were still unable to retrieve as many of these common animal names as control participants. However, patients and controls did exhibit similar levels of category clustering, with patients having a mean adjusted ratio of clustering (ARC) of .511 and controls having a mean ARC of .507, t(15) ϭ Ϫ0.021, p ϭ .92 (two-tailed). This finding suggests that with extensive exposure and experience with similarity judgments, the patients with frontal lobe lesions could cluster the animals with respect to their semantic representations. None of the patients or controls exhibited intrusions of nonlist animals during recall.
Another issue concerns the manner in which participants made judgments about the similarity of animals. Although each participant's semantic representation characterizes subjective judgments about the features of animals, there was strong consistency across the participants' derived semantic structures. That is, the two dimensions derived from multidimensional scaling appeared to be ordered in terms of identifiable features, such as size or domesticity. To address the degree to which subjective dimensions derived from multidimensional scaling were based on identifiable semantic dimensions, we asked another group of 12 young university students to construct separate rank orders of the 12 animals in terms of three features-size, domesticity, and diet (i.e., herbivore-carnivore). For each of these semantic features, we derived a single rank order of the animals by averaging the rankings across individuals. We then performed Spearman rank order correlations between the order on each of these semantic features and the order on each frontal patient and older control participant's subjective dimensions (Dimension 1 and Dimension 2, see Figures 2 and 3) . Table 2 shows average absolute values of these correlations across participants. It was necessary to use absolute values of the correlations because the subjective dimensions derived from multidimensional scaling methods preserve rank order but not necessarily the direction of the ordering. The correlations between the semantic features and subjective dimensions were very similar between frontal patients and controls. For both groups, Dimension 1 appeared to be related to a dimension of size or domesticity and Dimension 2 appeared to be indicative of a dimension related to diet.
General Discussion
Findings from two experiments provide evidence for the intact nature of semantic representations in patients with frontal lobe lesions. Specifically, using two different simi- Figure 3. Semantic structure derived from multidimensional scaling of data from ordered similarity task (Experiment 2). Two-dimensional solutions were obtained for controls (top map) and patients with frontal lobe lesions (bottom map).
larity judgments-triadic comparison and ordered similarity-patients with frontal lobe lesions exhibited intact semantic representations for the feature similarities of common animals. Despite this, these same patients exhibited impaired free recall for the specific animal names used in the tasks, even after extended exposure to the names in the ordered similarity task (Experiment 2). These findings support the view that patients with frontal lobe lesions exhibit impaired retrieval of semantic knowledge (Gershberg & Shimamura, 1995) rather than disordered semantic representations. It is important to note that these intact semantic representations were observed for the same material (i.e., the category animals) that was used to assess impaired strategic retrieval in these patients (Baldo & Shimamura, 1998) . The present results parallel findings from studies of patients with fronto-striatal damage. Using triadic comparison tasks and multidimensional scaling methods similar to those used in the present study, Chan et al. (1995) demonstrated essentially intact semantic representation in patients with Huntington's disease (HD). Despite the intact semantic representations exhibited, HD patients (as well as patients with Parkinson's disease [PD] ) were impaired at semantic fluency tasks (Randolph, Braun, Goldberg, & Chase, 1993; Suhr & Jones, 1998) , which is the pattern of performance observed in patients with frontal lobe lesions (Baldo & Shimamura, 1998) . Similar to patients with focal frontal lobe lesions, HD and PD patients also benefited from the provision of retrieval strategies in semantic fluency tasks (Randolph et al., 1993) . In addition, it was observed that patients with HD tended to produce a larger proportion of their responses late in the recall period of fluency tasks, which is consistent with the idea that they have difficulties with strategic retrieval (Rohrer, Salmon, Wixted, & Paulsen, 1999) . This suggests that the deficit observed in fronto-striatal patients may be due to deficits in strategic retrieval from semantic memory, rather than deficits in the representation of semantic knowledge.
In terms of the actual representation of semantic knowledge, research suggests that such semantic information may be stored in posterior cortical areas, in the temporal lobe in particular. In neuroimaging experiments, silent object naming relative to control tasks of viewing nonsense objects or word reading elicited activation in the fusiform gyrus of the posterior temporal lobe (Bookheimer, Zeffiro, Blaxton, Gaillard, & Theodore, 1995; Martin, Wiggs, Ungerleider, & Haxby, 1996) . In addition, tasks of semantic fluency produced greater activation in the posterior temporal cortex when compared with both letter fluency (Mummery, Patterson, Hodges, & Wise, 1996) and rhyme fluency (Shaywitz, Pugh, & Constable, 1995) . Neuropsychological literature also describes patients with temporal lobe lesions who exhibit deficits for natural categories of objects (Gainotti, Silveri, Daniele, & Gustolisi, 1995; Hart & Gordon, 1990 ) similar to deficits observed in patients with more diffuse cortical damage encompassing the temporal lobe, such as semantic dementia and Alzheimer's disease (AD; see Martin et al., 1986; Ralph, Howard, Nightingale, & Ellis, 1998) . In fact, studies of patients with probable AD have shown disrupted semantic networks using a triadic comparison task with MDS and pathfinder analyses Chan et al., 1995) . However, these disruptions appear to be positively correlated with the severity of AD (Chan, Butters, & Salmon, 1997) , with mild-to-moderate AD patients sometimes showing little or no disruption in semantic representation using these methods (Bonilla & Johnson, 1995; Ober & Shenaut, 1999) .
Taken together, these findings suggest a neural architecture in which the prefrontal cortex acts to monitor and control strategic retrieval of semantic representations stored in the posterior neocortex. Various theoretical views have incorporated this characterization of frontal-posterior interactions, using terms such as working memory, executive function, and metacognitive control to describe the role of the frontal lobes in higher-level cognitive tasks (see Baddeley, 1986; Moscovitch, 1994; Norman & Shallice, 1986; Shimamura, 1996) . Consistent with these views are findings from functional neuroimaging studies that demonstrate increased prefrontal activation on tasks involving executive control or working memory (Cohen, Perlstein, Braver, & Nystrom, 1997; D'Esposito, Detre, Alsop, & Shin, 1995; Smith et al., 1995) .
It should be noted, however, that any access to semantic knowledge must to some extent involve control and monitoring of stored information. Although in the present study, with common animals used as material, executive monitoring and control are minimally required, it is likely that a more difficult or less discriminable set of items may require more extensive use of executive function. In such cases, it is likely that patients with frontal lobe lesions would exhibit deficits to the extent that stimulus selection and filtering are necessary. The present results should thus be interpreted with the knowledge that the category animals may not be generalizable to other categories (see Martin & Chao, 2001) . However, the present findings do establish that semantic representations can be intact for the very same material that is affected on tests of verbal fluency and free recall. Moreover, they establish intact performance on a test of semantic knowledge that has previously been shown to be sensitive to disruptions, particularly in patients with moderate to severe AD.
In summary, patients with frontal lobe lesions exhibited intact structures of semantic representations as derived from the triadic comparison and ordered similarity tasks using both MDS and pathfinder analyses. These patients also exhibited consistent and reliable semantic structures as measured by the weights and skewness of their responses. Moreover, subjective dimensions derived from multidimensional scaling could be related to identifiable semantic dimensions, such as size, domesticity, and diet. These findings stand in contrast to impairments in this patient group on tests of semantic encoding and retrieval. Together with previous findings (Bonilla & Johnson, 1995; Chan et al., 1995; Ober & Shenaut, 1999) , this study helps define the boundary conditions of per-formance on tasks that assess semantic representations by demonstrating intact performance in patients with frontal lobe lesions.
